Cannibalism, the process of killing and consuming conspecifics, can become enhanced by various environmental stresses. Organisms inhabiting Mediterranean habitats are better adapted for coping with competition-an adaptation that can manifest itself in increased cannibalism. Conversely, desert environments are characterized by long periods of food shortage, also selecting for cannibalism to overcome starvation. We tested for differences in the frequency of cannibalism between Mediterranean and desert populations of pit-building antlions. We also quantified the frequency of cannibalism within and between these populations. We could not detect a significant geographic variation in the frequency of cannibalism. We suggest that strong plastic responses to environmental stresses buffer against divergent selection, and thus no significant differentiation in cannibalism rate should occur. Cannibalism frequency was higher in mixed pairs comprised of individuals originating from different populations within and between climate regions, compared with that observed within populations. We suggest that this intraspecific discrimination ability is mediated by behavioral and/or chemical cues, associated with co-occurrence in a common environment, as well as by genetic relatedness.
INTRODUCTION
Cannibalism, the process of killing and consuming conspecific individuals, is a widespread form of predation, described in various taxa, ranging from insects to humans (Fox 1975; Polis 1981; Elgar and Crespi 1992; Richardson et al. 2010) . Cannibalism involves a variety of direct and indirect benefits, costs, and trade-offs (Elgar and Crespi 1992; Lindström and Sargent 1997; Schausberger 2003) . Cannibalism, on the one hand, directly increases the metabolic gain of the cannibal, with conspecific prey providing a more suitable nutrient composition compared with heterospecific prey (Fagan et al. 2002) . Cannibalism can be therefore motivated by starvation and should be related to foraging behavior. On the other hand, cannibalism can indirectly assist the cannibal by locally decreasing the number of its competitors (Polis 1981; Wagner et al. 1999; Klug and Bonsall 2007) . This should be especially true in small populations of predators strongly competing for limited prey resources. At least in spiders, starvation is the main motivation for cannibalism and competitor removal is only a secondary one (Wise 2006) . Cannibalism, especially in a mating context by female spiders, could be also viewed as a side effect and a "spill-over" of general aggressive behavior to another context, where it is not necessarily adaptive (an explanation related to behavioral syndromes; e.g. Johnson and Sih 2005) .
Irrespective of the motivation for cannibalism, cannibals may experience various costs. For example, direct costs associated with increased mortality after being injured by conspecific prey (Polis 1981) , and higher infection rate by pathogens contracted from eating diseased conspecifics (Pfenning 2000) , as well as indirect costs including decreased inclusive fitness related to the consumption of genetically related individuals (Pfennig 1997) . Owing to these benefits and costs, it is easy to understand why cannibalism frequency increases with hunger level, conspecific density, and size differences between potential cannibals and victims (e.g. Qin and Fast 1996; Samu et al. 1999; Buddle et al. 2003; Eitam et al. 2005; Bayoumy and Michaud 2015) , while kinship and shelter decrease its frequency (Bilde and Lubin 2001; Marshall et al. 2005; Sadeh et al. 2009; Parsons et al. 2013 ; but see Walls and Blaustein 1995) .
Benefits and costs associated with cannibalism depend on environmental conditions (Fox 1975; Polis 1981) . Because cannibalism tendencies are often heritable and population specific (Stevens 1989; Wagner et al. 1999 ), natural selection can select for different levels of cannibalism. For instance, cannibalism frequency was higher in tobacco budworm populations subjected to a stronger interspecific competition by the corn earworm, and this pattern was genetically determined (Gould et al. 1980; Gould 1986) . Cannibalism is meaningful also for higher levels of organizations, populations, and communities, and for invasion dynamics. For instance, cannibalism enabled flour beetles to take advantage of a new, poor environment that otherwise would have remained unsuitable for growth (Via 1999) . Dick et al. (1993) have illustrated that the fate of invasive species and local populations of 2 freshwater amphipods was determined by the relative frequencies of cannibalism and intraguild predation.
Recognition systems play an important role in con-and heterospecific interactions, allowing individuals to distinguish between 1) potential predators and prey (Apfelbach et al. 2005) , 2) different prey types (Bond and Kamil 1998) , and 3) relatives and nonrelatives (Fellowes 1998; Tibbetts 2002) . For example, web-building spiders can distinguish between different prey types (e.g. crickets and flies) by their vibrations and modify their web stiffness and size accordingly (Tso et al. 2007 ). In cannibalistic insects, individuals have been shown to use different recognition systems to preferentially choose nonrelatives over kin when cannibalizing (Dobler and Kölliker 2010; Schultner et al. 2013 ).
The present research sought to determine whether a link exists between the environmental conditions characterizing the habitat of origin and cannibalism rates. As a model system to explore this question, we used a pit-building antlion species characterized by a large distribution range. Pit-building antlions are sit-and-wait predators that construct a trap in order to capture prey, similar to web-building spiders (Scharf et al. 2011) . Antlions are clearly cannibalistic (Scharf and Ovadia 2006) , but there is a debate in the literature regarding the main factors that trigger cannibalism in this insect family. Earlier studies suggested that cannibalism in several antlion species was a direct response to increased density, rather than an indirect response to reduced food availability or hunger level (Griffiths 1992; Gotelli 1997; Devetak 2000) . Day and Zalucki (2000) even suggested that the high densities used in laboratory experiments to induce cannibalism are somewhat exaggerated, and hence cannibalism in antlions might often be explained as a laboratory artifact. Similar to other systems, size differences contribute to cannibalism, which is more frequent between than within instars (Griffiths 1992; Barkae et al. 2010) . A more recent study showed that cannibalism in antlions acts as a threshold event, governed by the interactive effects of intrinsic (hunger level and body size difference) and extrinsic (conspecific density and soil depth providing shelter) factors (Barkae et al. 2014) .
We had 2 main goals: 1) to test for fixed geographic variation in the frequency of cannibalism in Mediterranean and desert populations of a representative pit-building antlion. These 2 climate regions may differ in conspecific densities, availability of alternative prey resources, and adaptation to stress tolerance, all of which combine to determine cannibalism rate and 2) to explore differences in the frequency of cannibalism within and between antlion populations by considering different spatial scales. Specifically, we quantified the frequency of cannibalism in pairs comprised of antlion larvae originating from the same antlion zone within a population, different antlion zones within a population, different populations within a climate region, and different climate regions (Mediterranean vs. desert populations).
Desert environments are characterized by lower food abundance and larger fluctuations in rainfall and productivity compared with Mediterranean ones (Ehleringer and Mooney 1983) . We hypothesized that cannibalism rate should be lower in desert than in Mediterranean populations. This is because antlions originating from harsh desert environments are expected to be more tolerant to abiotic stresses, but less aggressive toward competitors. In contrast, antlions originating from Mediterranean populations likely experience stronger competition and should therefore respond more vigorously to potential competitors. This hypothesis is consistent with ideas presented by Grime (1979) , referring to 3 types of plant life strategies: ruderal, competitive, and stress tolerant. Note that the ruderal strategy has no parallel in our system, because it is applicable for organisms inhabiting rich but temporary habitats, investing mostly in reproduction over growth and competition. However, the 2 other strategies are reoccurring in other comparisons of Mediterranean and desert environments (Volis et al. 2002; Petrů et al. 2006) .
Specifically, organisms originating from Mediterranean habitats are often better competitors, probably because they inhabit relatively rich and predictable environment, selecting for individual traits enhancing competitive abilities. Organisms originating from harsh desert environments, on the other hand, exhibit higher stress tolerance, investing more energy in survival. Indeed, a previous study, on the same pit-building antlion species, has illustrated that individuals originating from Mediterranean habitats are more efficient in capturing ant prey than those originating from desert habitats (Alcalay et al. 2015) . Moreover, the richer Mediterranean habitats could support higher conspecific densities, resulting in more frequent individual encounters and higher chances for cannibalism to occur. Finally, we posited that owing to the lack of cues associated with co-occurrence in a common environment, cannibalism frequency should be higher in mixed pairs comprised of individuals originating from different populations, compared with that observed within populations. Alternatively, if antlions use cannibalism to reduce conspecific competition, they might preferentially attack individuals originating from their own population, that is, respond more vigorously to conspecifics that generate cues typical of the common environment.
METHODS

Study species and habitats of origin
Myrmeleon hyalinus is the most abundant pit-building antlion in Israel. The larvae inhabit a wide range of sandy soils, but prefer to construct their pits in shaded areas under trees or bushes (Simon 1988) . Individuals spend most of their lives as larvae (lasting ~1 year), enter pupation (lasting ~1 month), and then emerge as shortlived weak-flying adults (lasting ~1 week) (Scharf et al. 2009 ). Antlion larvae develop through 3 instar stages, all of which can be found at high densities within the same "antlion zone" (i.e. a cluster of antlions in the same, limited area; Gotelli 1993).
The antlion larvae collected for this study originated in 4 sandy sites ranging from northern to southern Israel: Caesarea (32°29′ N, 34°54′ E), Zikim (31°37′ N, 34°31′ E), Mashabey Sade (31°00′ N, 34°46′ E) and Holot Agur (30°56′ N, 34°24′ E) (Figure 1 ). Caesarea and Zikim (575 and 400 mm annual rainfall, respectively; BioGIS 2012) are located along the Mediterranean coast of Israel and are characterized by a Mediterranean climate, whereas Mashabey Sade and Holot Agur (130 and 100 mm annual rainfall, respectively; BioGIS 2012) are located in Israel's Negev desert and are characterized by a desert climate. At each of the 4 sites, antlions were collected from 2 different antlion zones (antlion clusters located under 2 different trees or bushes), distanced ~300 m from each other. Antlions collected in Holot Agur, the southernmost population, were larger than all those of the other populations by 17-25% (one-way ANOVA on square-root transformed mass: F 3,571 = 17.09, P < 0.0001, followed by a Tukey's post hoc test, P < 0.0001). All required permits and approvals for this work were obtained from Israel's Nature and National Parks Protection Authority, permit no. 2010/37830. In compliance with all the relevant laws and regulations prevailing in Israel, self-regulation and accountability of local programs by an Institutional Animal Care and Use Committee (IACUC) are not applicable for the use of invertebrates in research (Israel's Animal Welfare Act 1984). Surviving antlions were released back to the field.
Experimental design
After collection, all antlions were housed in round experimental containers (4.5-cm diameter) filled with 3-cm deep sand. The experiment started with a habituation period during which antlion larvae were first fed with a single flour beetle larva (Tenebrio molitor) (~1 mg) and then starved for 1 week. This procedure was used to standardize the hunger level of the antlions (similar to Scharf et al. 2010; Barkae et al. 2012 ). Antlions were weighed using an analytical scale (accuracy of 0.1 mg).
We then arranged them into pairs as follows: individuals originating from the same antlion zone within a population (8 distinct zones), different antlion zones within a population (4 different populations), different populations within a climate region (2 pairwise combinations), and Mediterranean versus desert populations (4 pairwise combinations; see Table 1 for a summary of these treatment combinations). These treatment combinations are referred to as "within antlion zones," "between antlion zones within a population," "between populations within a climate region," and "between climate regions," respectively. Next, we introduced the antlion pairs into similar experimental containers (see above). This led to a density of ~1258 individuals per m 2 . This is indeed higher than that displayed by various antlion populations around the globe (~20-350 individuals/m 2 ; e.g. Gotelli 1993; Day and Zalucki 2000; Devetak 2000; Dor et al. 2014 ), but such a high density was applied to increase the likelihood of encounter and cannibalism, similar to previous studies studying cannibalism in the laboratory (Day and Zalucki 2000; Barkae et al. 2014 ). To allow for individual identification, the larvae were marked using insect marking pens. Each of these 18 treatment combinations was replicated 16 times (18 × 16 replications = 288 antlion pairs). During the 5-day experimental period, the larvae were kept in the same room under an identical night/day photoperiod (12:12 h), room temperature of ~27.8 °C, and 70% relative humidity. After 5 days, we sieved the sand and documented whether cannibalism had occurred. By weighing the surviving larva, we could determine whether it had gained body mass, indicating that it had fed on its partner. In all mortality events, the surviving larvae had gained mass, implying that they had cannibalized their partners, because there was no other prey in the experiment. Disentangling between a cannibalism event and other mortality types is clear: When cannibalized, the abdomen of the victim is flattened, because the cannibal sucks the fluid content of the victim. This does not happen when the antlion dies differently. In 2 cases, neither individuals had survived the experiment, and we thus excluded them from the analyses. Generally, antlions attack only active, moving prey and almost always consume the prey after subduing it (personal observations). The studied species is a strict sit-andwait predator and does not leave its pit to chase after prey. Using this method of observation, events of cannibalism are completely clear.
Statistical analysis
To test for geographic variation in the frequency of cannibalism occurring within zones and within populations, we used G-tests of independence (Sokal and Rohlf 1995, chapter 17) . To determine whether cannibalism propensity is higher in mixed pairs comprised of individuals originating from different populations (within and between climate regions) compared with that occurring within populations, we used a multiple logistic regression (Neter et al. 1996) . Specifically, we determined whether cannibalism propensity varied among the 4 spatial scales considered (i.e. within antlion zones, between antlion zones within a population, between populations within a climate region, and between climate regions), while also taking into account the body mass difference between interacting individuals. Because the former variable is composed of 4 classes, its inclusion in the logistic regression model required generating 3 indicator variables (i.e. between antlion zones within a population, between populations within a climate region, and between climate regions) and defining the reference class (i.e. within antlion zones, represented by 0 in all 3 indicator variables). The significance level of each of these 3 variables indicated whether the cannibalism propensity observed for this spatial scale differed from that observed within antlion zones. Differences between these 3 indicator variables were also tested and reported. Finally, we used G-tests of independence to determine whether individuals from Mediterranean habitats have better competitive (fighting and cannibalism) abilities over those from desert habitats (i.e. examining whether the identity of the cannibal was dependent on the habitat of origin). All statistical analyses were performed using SYSTAT v. 11 (SYSTAT Software, San Jose, CA).
RESULTS
We observed 124 cases of cannibalism (124/288; 43%; Table 1 ). The frequency of cannibalism was 30% (38/128) within antlion zones, 42% (27/64) between antlion zones within a population, 66% (21/32) between populations within a climate region, and 59% (38/64) between climate regions (Table 1 ). In almost all cases (~99%), the smaller larvae were victims of cannibalism by larger individuals, except for 4 cases in which the smaller larva cannibalized the larger one.
No evidence of geographic variation in cannibalism frequency
There were no significant differences in cannibalism frequency among the different antlion zones, either when considered separately (χ 2 = 1.853; df = 7; P = 0.968; Table 1 ), or in the aggregate at the population (χ 2 = 0.766; df = 3; P = 0.858; Table 1 ), or climate region levels (χ 2 = 0.604; df = 1; P = 0.437; Table 1 ). Similarly, we did not detect any significant differences in cannibalism frequency among populations (pooling of the within-and between-zone data), either when populations were considered separately (χ 2 = 1.113; df = 3; P = 0.990; Table 1 ), or in the aggregate within each climate region (χ 2 = 0.023; df = 1; P = 0.879; Table 1 ). Finally, we could not detect significant differences in cannibalism frequency between the 2 climate regions (pooling of all the data within each climate region; χ 2 = 0.000; df = 1; P = 1.00; Table 1 ).
Elevated cannibalism in mixed pairs originating from different populations
Larger differences in body mass between the 2 encountered antlions led to a significant increase in cannibalism propensity (P < 0.001; Figure 2 ), and this pattern was consistent among the different spatial scales (Δmass × between antlion zones within a population, z = 0.006, P = 0.995; Δmass × between populations within a climate region, z = 0.540, P = 0.590; Δmass × between climate regions, z = 0.642, P = 0.521). The propensity of cannibalism was significantly higher in mixed pairs comprised of individuals originating from different populations within and between climate regions, than that observed within antlion zones (P < 0.001 in both Logistic regression demonstrating the positive effect of differences in body mass between the cannibal and its victim on cannibalism propensity. Cannibalism propensity was higher in mixed pairs comprised of individuals originating from different populations, either within or between climatic regions, than that observed within populations (within and between antlion zones). Cannibalism propensity of individuals originating from different antlion zones (within a population) did not vary significantly from that observed within antlion zones. Similarly, there were no significant differences in cannibalism propensity between pairs comprised of individuals originating from different populations within a climate region and those comprised of individuals originating from different climate regions.
cases; Figure 2 ; Table 2 ), or between antlion zones within a population (z = 2.517, P = 0.012, and z = 2.319, P = 0.020, respectively; Figure 2 ). Cannibalism propensity in pairs comprised of individuals originating from different antlion zones (within a population) did not vary significantly from that observed within antlion zones (P = 0.144; Figure 2 ; Table 2 ). We could not detect significant differences in cannibalism propensity between pairs comprised of individuals originating from different populations within a climate region and those comprised of individuals originating from different climate regions (z = −0.664, P = 0.507; Figure 2 ). To explore the possibility that between-population cannibalism was more frequent than within-population cannibalism owing to larger size differences, we compared the average difference in body mass between pairs of the same zone, of the same population, and of different populations. Mass differences were slightly lower in between-population pairs than in within-zone pairs by ~13% (one-way ANOVA on square-root transformed mass differences; F 2,285 = 3.10, P = 0.047; Tukey's post hoc test: P = 0.040), with no significant difference between either within-and between-zone pairs or between-zone and between-population pairs. Hence, not only was between-population cannibalism more frequent than within-population cannibalism, but body mass differences were even smaller within-than between-population pairs.
Cannibal identity was determined by its initial size advantage
In 71% (25/35) of the cases, where desert individuals had a size advantage over Mediterranean ones cannibalism occurred, compared with only 50% (13/26) of the cases where size advantage stood for Mediterranean individuals; however, this pattern was not significant (χ 2 = 2.915; df = 1; P = 0.088). In 23 out of the 25 cases of cannibalism, where desert individuals had a size advantage over Mediterranean ones, the cannibal originated from a desert population. In all cases (13/13), where Mediterranean individuals had a size advantage over desert ones, the cannibal originated from the Mediterranean population. These 2 patterns significantly deviated from the null expectation of equal likelihood for cannibalism, independent of body size (goodness-of-fit test: χ 2 = 17.64, df = 1, P < 0.001; and χ 2 = 13.00, df = 1, P < 0.001, respectively).
DISCUSSION
The present study is the first to examine cannibalism in arthropod populations originating from Mediterranean and desert environments. The Mediterranean environment is relatively rich and predictable and thus expected to select for individual traits enhancing competitive abilities, including higher aggression toward conspecifics. In contrast, organisms originating from the harsh desert environment are expected to exhibit higher stress tolerance. Although a previous study on the same antlion species has illustrated that individuals originating from Mediterranean habitats are more efficient in capturing ant prey than those originating from desert habitats (Alcalay et al. 2015) , we could not find support for our hypothesis that cannibalism frequency should be higher in Mediterranean than in desert populations. Remarkably, in accord with our second hypothesis, cannibalism frequency was higher in mixed pairs comprised of individuals originating from different populations, within and between climate regions, than that observed within populations. Similar to previous findings (Barkae et al. 2014) , the identity of the cannibal was almost exclusively determined by its initial body mass advantage, rather than by its population of origin.
As noted, cannibalism was more frequent in mixed pairs comprised of individuals from different populations (within and between climate regions), compared with that occurring within populations (within and between antlion zones). Although the exact mechanism for recognizing relatives is still unclear, we interpret this result with caution as a selection against cannibalism among relatives. Although nothing is known about the genetic relatedness among individuals within and between antlion zones, there is some supporting evidence for high genetic relatedness in the former. First, ovipositing females lay 5-13 eggs on average in each oviposition event, probably next to one another (Matsura et al. 2005) . Second, because adults are short lived and weak fliers (Scharf et al. 2009 ), females are expected to minimize movement between oviposition sites in order to avoid predation and superfluous energy expenditure. Third, suitable abiotic conditions, for example, shade and sand type, are more important for antlions than biotic ones, such as conspecific density (Scharf and Ovadia 2006) . Alternatively, it could be that neighboring antlions are recognized and considered dangerous by some cues, whereas those of farer areas are not. Therefore, neighboring antlions are less often attacked. This fits to a previous finding in the same studied species, showing that antlions hesitate longer before attacking very large prey items and that hesitation is shorter for large antlions . Other alternative explanations might be possible too.
The next emerging question is that of how might antlions recognize their kin? In many species, spatial or temporal associations are used as an indirect proxy to discriminate among different group members (Waldman 1988; Elwood 1994) . However, antlions were tested here in a neutral and identical microhabitat (the experimental container), far from their natural habitat. Another common mechanism for identification is chemical cues, and specifically the cuticular hydrocarbon profile or odor, which has been already suggested as mechanism preventing cannibalism of kin in spiders and ladybird beetles (Joseph et al. 1999; Grinsted et al. 2011 ). An elegant way to test this would be to chemically extract the cuticular substances of antlions from the same zone, to mask foreign ones with such extracts and then to determine whether cannibalism frequency is reduced (similar to Steiger et al. 2008) . It is possible, however, that such a way of recognition in antlions comes too late, after the cannibal has already pierced the victim's body with its Because spatial scale is a dummy variable, all 3 indicator variables: between antlion zones within a population, between populations within a climate region, and between climate regions, are compared with the reference group, namely, within antlion zones. The 2-way interactions between these 3 indicator variables and body mass differences were not significant (P > 0.5 in all 3 cases) and were thus excluded from the analysis. Pairwise comparisons between the 3 indicator variables are reported in the result section. Significant results appear in bold.
mandibles. A more likely mechanism for kin recognition is that of vibrations in the sand. It is already known that antlions are sensitive to subtle sand vibrations and that different prey species produce distinct sand vibrations, also specific for each sand type (Devetak et al. 2007; Mencinger-Vračko and Devetak 2008) . It remains to be examined whether antlion populations differ in the vibrations they produce. Recognition of group members, or kin, is essential to the evolution of both social and solitary behavior (Fellowes 1998; d'Ettorre and Lenoir 2009) , and it is common in a wide range of cannibalistic vertebrate and invertebrate species, such as tiger salamanders, toads, rodents, fish, social amphipods, and mites (Pfennig 1997; Fellowes 1998; Schausberger 2003 ).
We did not detect differences in cannibalism frequencies between the 2 climate regions. Interclimate region differences were a valid prediction, also because populations of the studied species differ in behavioral, morphological, and life-history traits. For instance, antlions originating from Mediterranean populations develop more slowly, reach a larger adult body mass, and are more efficient in capturing ant prey (although constructing smaller pits), compared with individuals originating from desert populations (Scharf et al. 2008 (Scharf et al. , 2009 Alcalay et al. 2015) . One possible explanation for this is that the net effect of all the selective forces involved nullified one another. Another explanation is that the response of antlions to either starvation or competition is quite plastic and depends on local and current conditions, at least more than on the effect of innate tendencies, or the habitat of origin. Indeed, the same species plastically responded to increased density or hunger level by increasing their likelihood to engage in cannibalistic interactions (Barkae et al. 2014) .
Studying behavioral differences among populations is important in enabling an understanding of how behavior is shaped by natural selection, specific to each local environment. For example, long-term evolution under either high or low predation risk led to behavioral, morphological, and life-history differences among guppy populations (Endler 1995) . Cannibalism, similar to predation threat, might be a trait that when present selects for further traits, such as defense mechanisms against it. Indeed, in stickleback populations, where egg cannibalism is present, the guarding male responds by displays to potential cannibals, while such a response does not exist in populations without cannibalism (Foster 1988) . Finally, cannibalism may be a part of a life-history syndrome, as suggested for the Colorado potato beetle, where cannibalism is correlated with larger clutches, but lower proportion of individuals reaching adulthood (Baker et al. 2014) .
Although some studies have shown a high heritability of cannibalistic behavior, cannibalism clearly depends on external conditions, which can interact with heritability (e.g. Wagner et al. 1999) . Cannibalism is also highly plastic and depends on the interaction of several intrinsic and extrinsic factors, such as hunger level, genetic relatedness, available shelter, and size differences. It would be interesting to evaluate both heritability and repeatability of cannibalism behavior in this antlion species, and in light of our findings, we predict it to be relatively low. Size differences between the cannibal and the victim greatly contributed to cannibalism in our system, similar to that in other organisms (Qin and Fast 1996; Kestemont et al. 2003; Eitam et al. 2005) , including trap-building predator species (Samu et al. 1999; Bilde and Lubin 2001; Buddle et al. 2003; Barkae et al. 2014) . Body size variation within an antlion zone in particular, and indeed in any group of potential cannibals, is of relevance to this theme, as larger size variation can translate into higher cannibalism frequency, irrespective of the mean body size (e.g. Folkvord and Otterå 1993) . Such size differences could stem from initial small size variation due to maternal effects, hatching asynchrony, or different growth trajectories (Gebhardt-Henrich and Richner 1998; Laaksonen 2004; Räsänen et al. 2005) . Size variation could be affected by cannibalism in different ways: If cannibalism increases with absolute size of the cannibal, then size variation is expected to increase, whereas if it is related to the relative size difference between cannibal and victim, size variation should decrease (Hopper et al. 1996 and references therein). Because antlion cannibalism is more related to relative size differences than to the absolute size of the cannibal, cannibalism could perhaps negatively affect size variation in an antlion zone.
In conclusion, although cannibalism is common in antlion larvae, they seem to differentiate between antlions from their immediate vicinity and those from more distant places and to prefer the latter. In contrast to our expectation, Mediterranean and desert populations did not differ in cannibalism frequency, suggesting that cannibalism is a plastic trait, affected more by other factors, such as hunger level, density, and size difference, than by populationspecific genetic factors. Future experiments should further examine interpopulation differences by applying different hunger levels or densities, which could still interact with the population of origin to affect cannibalism. It would also be informative to determine the spatial genetic structure of antlions, by examining their genetic relatedness within the same antlion zone and comparing it with nearby zones and populations. Finally, investigating the mechanism of recognition between antlions is of interest, in that it may uncover whether it is related to the cuticular hydrocarbon profile or to specific vibrations created by the antlion in the sand. 
